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Abstract 
The different bacterial isolates such as Bacillus subtilis, Bacillus coagulans, Bacillus firmus and mixed culture were screened for 
protease production.  A basal medium containing peptone, beef extract and NaCl was used for this biomass cultivation. Among the 
different bacterial isolates screened, the maximum protease production was found in B. coagulans and minimum in B. subtilis in 
both quantitative and semi quantitative assay. The effect of various environmental conditions like pH, temperature, rpm and 
inoculum size on alkaline protease production was examined.  The optimum condition for protease production upon inoculation of 
1ml of overnight grown culture was found to be pH 9.2, 37º C, 175 rpm and 1% of inoculum for a time period of 24 h.  One way 
analysis of variance showed significant differences (P < 0.05) in protease production between different species. 
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Introduction 
Proteases are among the most valued commercial 
enzymes. The importance of thermostable proteolytic 
enzymes in a number of industrial processes is widely 
acknowledged. The thermostable proteolytic enzymes 
from the genus Bacillus are so far the most important 
group of enzymes produced commercially accounting for 
nearly 20% of the world enzymes market with the 
predominant application (35%) in detergents [1,2].  Other 
industrial uses of proteases are in food processing, 
pharmaceuticals, peptide synthesis, meat tenderization, 
medical diagnosis, baking, brewing, deproteinization of 
shrimp and crab shell waste and dehairing of hides and 
skins [3]. 
The proteases produced by different species of 
Bacillus vary not only in type but also in their pH and 
temperature optima [4,5] and also have the ability to 
function at high temperatures and pH values.  According 
to their optimum pH, proteases are commonly classified 
as acidic protease, neutral protease and alkaline 
protease. One particular interest is the production of 
alkaline protease from Bacillus for application in 
detergent industry [6,7,8,9]. However there is no firm 
evidence to suggest that thermostable enzymes are 
particularly derived from thermophilic micro organisms, 
but there is a greater chance of exploring thermostable 
proteins from thermophilic bacteria.   
Proteases are also a highly complex group of 
enzymes that vary enormously in their physico chemical 
and catalytic property. Several thermostable proteases 
have been reported from Bacillus species (7,10,11]. The 
present work was carried out to investigate the protease 
production by B. subtilis, B. coagulans, B. firmus & mixed 
culture (combination of three Bacillus species) and to 
study the effect of various environmental conditions on 
protease activity. 
 
Materials and Methods 
 
Micro organisms 
The micro organisms i.e. B. subtilis, B. coagulans 
and B. firmus were obtained from the microbiology 
laboratory at PRIST University and maintained on 
nutrient agar slants at 4º C.  
 
Protease production in liquid culture 
Alkaline nutrient broth (pH 9.5) containing (g/l): 
peptone, 5; beef extract, 1.5; NaCl, 5 and yeast extract, 
1.5 was used as a basal medium [12]. The sterilized 
production medium (100ml) in 4 different Erlenmeyer 
flask (250 ml) was inoculated with 1% (v/v) of overnight 
grown seed cultures and incubated at 36ºC under 
rotatory conditions for 24 h with 175 rpm. The medium 
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was prepared using marine water. Thereafter, the cell 
free supernatant was obtained by centrifugation at 
12,000xg for 20 min and the protease yield was 
determined in the cell free supernatant. 
 
Effect of various environmental conditions on 
protease activity 
The effect of various environmental conditions like 
pH, temperature, aeration speed (rpm) and inoculum size 
on alkaline protease production by B. coagulans and B. 
firmus was studied. The basal medium was selected for 
analyzing enzyme activity due to its simplicity. The pH of 
the culture medium was regulated using NaOH and HCl 
with the pH ranged from 4 to 13. After injection with 
purified bacterium, the entire medium was incubated as 
before. The effect of temperature (100 C to 550 C), 
aeration speed (75 to 175rpm) and inoculum size (100 μl 
to 1000 μl) on alkaline protease production was 
measured. 
 
Analytical Procedures 
The protease was assayed at 90º C in 100 mM 
carbonate – bicarbonate buffer (pH 9.6). One ml of 1% 
casein solution was incubated with 1 ml of appropriately 
diluted enzyme for 20 min at 30º C. The reaction was 
stopped by addition of 4ml of 5% TCA. The tubes were 
centrifuged after 1 hour at 3000 X g for 10min and the 
degraded products were examined by Lowry’s method 
[13]. One unit of protease was defined as amount of 
enzyme required to release 1µg/mol of tyrosine per ml 
per minute under assay conditions. 
 
Statistics 
Statistical analyses were carried out with SPSS 
package (windows version 12.0). Data were subjected to 
one-way analysis of variance (ANOVA) and differences 
between means were assessed by Duncan’s multiple 
range test (DMRT). All statistical tests were considered 
significant at 5% level (P < 0.05). 
 
Results  
The rate of protease production by three Bacillus 
species and its mixed culture studied are presented in 
Table 1. The concentration of protease produced in 
quantitative assay varied significantly (P < 0.05) in all the 
species studied. 
The total protease yield was found to be high in B. 
coagulans (320 mg/l) followed by B. firmus (290 mg/l), 
mixed culture (270 mg/l) and B. subtilis (215 mg/l).  In 
semi quantitative assay, extracellular protease was 
effectively produced by B. coagulans (5.25 cm2) (Table 2). 
The protease production was particularly sensitive to 
acidic pH (Fig.1). The maximum protease production in B. 
coagulans and B. firmus obtained at alkaline condition of 
pH 9 reaching to 300 mg/l and 270 mg/l respectively and 
the protease production was gradually decreased to 15 
mg/l and 17 mg/l respectively at pH 12.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The results illustrated in fig.2 referred to a positive 
relationship between protease production and incubation 
temperature upto 550 C. About 90% of the original 
protease production was gained at 550 C in the present 
study. The maximum protease activity was observed in 
B.coagulans (516 mg/l) and B.firmus (497 mg/l) at 175 
rpm after 24 hours of incubation (Fig.3).   
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The results from present study showed that the 
optimum inoculum size for protease production in both 
the isolates were 1% (Fig.4). The protease activity was 
observed to be at 520 mg/l and 490 mg/l for Bacillus 
coagulans and Bacillus firmus respectively in this 
inoculum size. 
Discussion 
Nutrient broth basal medium was employed in the 
preliminary studies to determine the growth and 
production of extracellular protease from 3 different 
species of Bacillus and its mixed culture after 24 hours of 
incubation in rotatory condition (175 rpm) at 36º C.  
Peptone was used as the nitrogen source which 
supported the protease production in the present study.  
Ferrero et al [7] concluded that the protease synthesis 
inhibited in the presence of urea and peptone. 
The present work revealed that extracellular 
protease is efficiently produced by B. coagulans and B. 
firmus than B. subtilis. The total protease production was 
maximum in B. coagulans (320 mg) followed by B. firmus 
(290 mg), mixed culture (270 mg) and B. subtilis (215 
mg). However, mixed culture of three species also 
showed significant efficiency in protease production.  The 
productivity was confirmed from the result obtained from 
quantitative and semi quantitative assay analysis. 
Choudhry et al [14] used B. coagulans for the 
synthesis of xylanase enzyme production.  In contrast to 
the above, the higher protease production (5.25 cm2) was 
noticed in B. coagulans.  The high efficiency of protease 
production in B. subtilis was observed by Chengtoa 
Wang et al [15] and Kakoli Dutt et al [16].  The present 
study revealed that the B. subtilis is less efficient in 
producing protease compared with other three cultures 
studied. These results were confirmed with quantitative 
and semiquantitative assay in the present study. A similar 
kind of result was observed in the work performed by 
Moon and Parullekar [17]. 
The protease production was found to be high in B. 
coagulans and B. firmus obtained at alkaline condition of 
pH 9 reaching to 300 mg/l and 270 mg/l respectively and 
it was gradually decreased to 15 mg/l and 17 mg/l 
respectively at pH 12.  These observations were in 
agreement with the result of El-Hawary and Ibrahim [18] 
and Joo et al [19] who concluded that the optimum pH 
must meet the requirements of the protease producing 
gene and the bacteria were more sensitive pH when 
used for the production of enzyme. On the other hand, 
Keivan et al [20] studied that pH 7 was found to be 
optimum for the production of alkaline protease from B. 
polymixa and B. cereus. 
Temperature is the one of the most important factor 
affecting the enzyme production.  In our present results, 
a positive relationship was observed between protease 
production and incubation temperature upto 550 C.  About 
90% of the original protease production was gained at 
550 C in the present study.  These results were in 
harmony with the findings of Atalo and Gashe [12] and 
Johnvesly et al [8]. 
Environmental conditions could affect the production 
of extracellular proteolytic enzymes.  Aeration speed has 
been shown to affect the protease production in various 
strains of bacteria.  In the present investigation, both the 
Bacillus isolates showed maximum protease activity of 
516 mg/l for B. coagulans and 497 mg/l for B. firmus at 
175 rpm after 24 hours of incubation.  At this speed, 
aeration of the culture media was increased which could 
lead to sufficient supply of dissolved oxygen in the media.  
Nutrient uptake by bacteria also will be increased 
resulting in increased protease production. As the 
aeration speed is raised to 225 rpm the protease 
production is reduced in both the cases. This result 
correlates with those of Keivan et al [20] who found that 
the increase in aeration speed increased the enzyme 
production. 
The amount of inoculum used to culture the bacteria 
also affects protease production. In the present 
investigation, the optimum inoculum size for protease 
production was found to be 1% in both the isolates.  The 
protease activity was observed to be at 520 mg/ml and 
490 mg/ml for Bacillus coagulans and Bacillus firmus 
respectively in the inoculum.  The increase in protease 
production using small inoculum size was suggested to 
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be due to higher surface area to volume ratio resulting in 
increased protease production. In addition improved 
distribution of dissolved oxygen and more effective 
uptake of nutrients also contributed to higher protease 
production. This result is similar to those given by 
Norazizah et al [21] in which they said that 4% of 
inoculum provided a maximum enzyme production. 
In summary, B. coagulans and B. firmus favoured 
high efficiency in producing protease enzyme.  The 
optimum pH, temperature, aeration speed and required 
inoculum size were found to be 9, 45°C, 175 rpm and 1% 
respectively in the present study. Hence from the present 
results, these optimum environmental conditions could be 
used in the further studies.  
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